Abstract. Bone is the most common site of metastasis in breast cancer. Detection relies on imaging technology which is costly and can only be performed to a certain degree. Bone markers are non-invasive, inexpensive and may potentially serve as predictive and prognostic surrogate endpoints in detecting bone metastases and response to bisphosphonates. This study analyzed the value of the serum bone turnover markers PINP and ICTP for bone metastases in metastatic breast cancer patients receiving zoledronic acid. The results were compared with the serum levels of CEA and CA 15-3, and analyzed with respect to the number of bone metastases as well as clinical response. Forty patients with confirmed bone metastases who received chemotherapy and/or hormonal therapy and zoledronic acid i.v. q4 weeks participated in the present study. Blood (5 ml) was collected at the start of the study and q3 months for a period of one year for the analysis of PINP, ICTP, CEA and CA 15-3 using radioimmunoassays and ELISA, respectively. Imaging of bone metastases was performed at the same time points. In 29 out of 40 patients, more than 3 bone metastases were confirmed by imaging and 11 out of 40 patients presented with 3 or less. At the start of the study, the median value for ICTP was 6 µg/l and for PINP 58.7 µg/l. At the end of the study the median values were 4.5 µg/l for ICTP and 21 µg/l for PINP. When patients were stratified into responders and non-responders, a decrease in both PINP (P<0.0001) and ICTP (P=0.048) was observed for the responders, while the level of ICTP (P=0.02) increased for the non-responders. Serum PINP and ICTP concentrations were significantly different when patients were stratified into groups of those having more than 3 bone metastases and 3 or less, respectively (P<0.05). CEA and CA 15-3 levels did not differ with respect to the number of bone metastases, while the tumor marker levels determined at the end of the study significantly distinguished responders from non-responders (P=0.002 and P=0.004). In conclusion, in contrast to serum tumor markers, the determination of PINP and ICTP allows inferences to the number of bone metastases and appears to be a useful tool for prediction and monitoring metastatic breast cancer patients undergoing bisphosphonate therapy with zoledronic acid for the treatment of bone metastases.
Introduction
Bone metastases (BM) are a frequent event in breast cancer and are difficult to detect. The assessment of skeletal metastases primarily depends on imaging techniques. Routinely, bone scintigraphy is used for detection of BM. Although bone scintigraphs have high sensitivity, they lack specificity in the detection of skeletal metastases (1, 2) . Thus, additional available imaging techniques such as radiography, computer tomography or magnetic resonance imaging are necessary to verify the bone scan, and these techniques are highly expensive, particularly for monitoring therapeutic response of skeletal metastases during palliative systemic therapy.
Malignant bone disease is associated with increased levels of bone resorption markers (3, 4) . Osteoblasts and osteoclasts are affected by malignant cells in skeletal metastases causing increased number, activity and survival of these bone remodelling cells, a phenomenon known as the vicious cycle (5) . In this regard, series of biochemical serum markers of bone turnover, such as aminoterminal procollagen propeptide of type I collagen (PINP) and carboxyterminal telopeptide of type I collagen (ICTP), have been evaluated for the early detection of skeletal metastases (6, 7) .
Bisphosphonates inhibit osteoclast-mediated osteolysis and reduce bone marker levels (8, 9) . Zoledronic acid (ZOL) Validity of bone marker measurements for monitoring response to bisphosphonate therapy with zoledronic acid in metastatic breast cancer reduces the risk of skeletal-related events and suppresses levels of bone turnover markers in patients with multiple myeloma or bone metastases from solid tumors, including breast cancer (10, 11) . Assuming that bone metastasis requires a modification of bone formation and resorption, it seems likely that measurement of bone markers during palliative therapy in metastatic breast cancer (MBC) patients could be useful to monitor the therapeutic response. In contrast to imaging techniques, bone marker measurements are easy to perform, minimally invasive and inexpensive. Therefore, the objective of this study was to assess PINP and ICTP levels in MBC patients receiving standard systemic therapy with ZOL over the course of time for one year and analyze these findings in relation to response rates assessed by imaging techniques and to the serum levels of tumor markers CEA and CA 15-3.
Patients and methods
Patients and study design. This prospective study included MBC patients with bone metastases. The study was conducted at the Department of Obstetrics and Gynecology at the University Hospital in Essen. Forty MBC patients (mean age 60 years; range, 36-85) with confirmed BM who received systemic therapy including chemotherapy or hormonal therapy and ZOL 4 mg i.v. q4 weeks participated in our study (Table I) .
Blood (5 ml) was collected at the start of the study and every 3 months for one year for the analysis of levels of PINP, ICTP, CEA and CA 15-3 using radioimmunoassays and ELISA technique. Imaging of BM was performed at the same time points.
The trial was initiated after the approval of the Institutional Ethics Committee Review Board.
Eligibility criteria. The eligibility criteria were as follows: histologically confirmed breast cancer disease; patient age ≥18 years; measurable or evaluable BM; predicted life expectancy ≥3 months; Eastern Cooperative Oncology Group (ECOG) scores for performance status of 0-2; no severe uncontrolled co-morbidities or medical conditions; no second malignancies.
Patients had either a relapse of breast cancer diagnosed years before and were to start a new systemic therapy or they had a documented progressive breast cancer before receiving a new endocrine, chemo-or experimental therapy in combination with ZOL. Prior adjuvant treatment, radiation or any other treatment of metastatic disease were permitted. ZOL in the metastatic setting was not allowed. Further exclusion criteria were other malignancies except breast cancer.
Response criteria. Before starting a new treatment, patients underwent an evaluation of metastatic sites, particularly BM by bone scintigraphy, X-ray and/or computer tomography. Blood samples were collected for laboratory evaluations, including assaying of plasma CEA and CA 15-3 levels as well as for the assessment of PINP and ICTP. Re-evaluation of disease status was carried out using the same techniques every 12 weeks for one year.
Response to therapy was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST); complete response (CR), disappearance of all target lesions; partial response (PR), at least 30% decrease in the sum of the LD (longest diameter) of target lesions, taking as reference the baseline sum of the LDs; progressive disease (PD), at least 20% increase in the sum of the LDs of the target lesions, taking as reference the smallest sum of the LDs recorded since the treatment started or the appearance of one or more new lesions; stable disease (SD), neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for PD, taking as reference the smallest sum of the LDs since the treatment started.
Sampling of serum. Blood (2x5 ml) was collected with an S-Monovette ® (Sarstedt AG & Co.) at the start of the study and every 3 months for one year for the analysis of PINP, ICTP, CEA and CA 15-3. The samples were processed immediately and the serum was stored at -80˚C until further examination.
Determination of markers of bone turnover. PINP and ICTP were assayed by radioimmunoassay (RIA) (Orion Diagnostica, Oulunsalo, Finland). The reference range for PINP was 19-84 µg/l and the reference range for ICTP was 1.8-5 µg/l. The samples for bone marker measurement were sent to and analyzed by an extern laboratory (Department of Medical Microbiology and Infectious Diseases, Medical Care Centre, Dr Stein and colleagues, Mönchengladbach, Germany).
Determination of serum tumor markers. CEA and CA 15-3 were determined using the Elecsys CEA/CA 15-3 immunoassays (Roche, Mannheim, Germany) for the quantitative determination in human serum and plasma. The serial measurement of CEA/CA 15-3 is intended to aid in the management of cancer patients. These assays were performed in the central laboratory of our University Hospital on Cobas ® immunoassay analyzers according to the manufacturer's instructions. The central laboratory has a valid certification for the performance of these assays following international guidelines. The reference range for CEA was <5 ng/ml, and the reference range for CA 15-3 was <35 U/ml.
Statistical consideration. Statistical analyses were carried out using SAS v. 9.2 (SAS Institute Inc., Cary, NC). Differences in continuous parameters between the groups were tested by the non-parametric Mann-Whitney U test, and changes within groups were evaluated using the Wilcoxon sign rank test. Differences in proportions were tested using Chi-square statistics or Fisher's exact test, as appropriate. A P-value of <0.05 was regarded as statistically significant. The statistical significance of the differences in receiver-operating characteristic (ROC) analysis was determined using the method developed by DeLong, DeLong and Clarke-Pearson.
Results
Characteristics of the study population. Patient ages ranged from 36 to 85 years (median 60). A total of 40 patients were enrolled since January 2008. Ten out of 40 (25%) were premenopausal and 30 out of 40 (75%) were postmenopausal. The patient characteristics are documented in Table I . Thirtyfour out of 40 patients (85%) had a primary metastatic breast cancer, 4 out of 40 (10%) received second-line therapy and 2 out of 40 (5%) received third-line or more in the metastatic setting. Most patients (60%) had ductal breast cancer.
Moderately and poorly differentiated tumors were predominant (data not shown). Twenty-four out of 40 (76.5%) of the primary tumors were ER-and PR-positive, respectively, and only 15% (6 out of 40) had an overexpression of HER2 (Dako score 3+). Nineteen out of 40 patients (47.5%) had visceral and non-visceral metastases, 21 out of 40 patients (52.5%) only BM. In 29 out of 40 patients (72.5%) >3 BM were confirmed by imaging and 11 out of 40 patients (27.5%) presented with ≤3 BM. Patients received different chemotherapeutic treatments including anthracyclines, taxanes, capecitabine, vinorelbine and 5-FU (data not shown). After starting measurements of PINP, ICTP and tumor markers, patients underwent individual chemotherapeutic or hormonal treatment depending on their pretreatment and the addition of ZOL.
The control group consisted of 11 patients who had visceral metastases only and no BM. Median age of the control group was 66 (43-85) years.
Stratification of results.
In total, 40 patients were monitored for PINP, ICTP, CA 15-3 and CEA during chemotherapy over a time period of 12 months. Blood samples were collected and imaging techniques were performed every three months. Based on the total number of collected blood samples, only baseline and the data evaluated at the end of the study were statistically analyzed. The results for PINP and ICTP were analyzed in relation to clinical response (stratified into responders and non-responders), the number of BM (≤3 or >3) and tumor markers. Responders were defined as patients with complete remission (CR), partial remission (PR) and stable disease (SD). Non-responders included patients with progressive disease (PD). 
Correlation of PINP and ICTP with the response to therapy.
The levels of PINP and ICTP, determined at the start and the end of the follow-up period, were analyzed with respect to clinical follow-up results. At the start of the study, the median value for ICTP was 6 µg/l (IQR 3.9-12.7) and the median value for PINP was 58.7 µg/l (IQR 43.5-164). Thirty out of 40 patients showed response to therapy, and 10 out of 40 patients had progressive disease. The median value of ICTP at the start of the study for the responders was 5.1 µg/l (IQR 3.6-7.2) vs. 20.4 µg/l (IQR 6.9-43.9) for non-responders. The median value of PINP at the start of the study for the responders was 50.4 µg/l (IQR 36.4-66.6) vs. 221 µg/l (IQR 59-250) for the non-responders (P=0.0003 for ICTP and P=0.005 for PINP) (Fig. 2) . At the end of the study, the mean value of ICTP was 4.1 µg/l (IQR 3.1-6) for the responders vs. 50 µg/l (IQR 18.4-50) for nonresponders. In contrast, the median value of PINP at the study end was 17.3 µg/l (IQR 10.8-25.6) for responders vs. 250 µg/l (IQR 101.2-250) for non-responders (P=0.0004 for ICTP and P=0.0007 for PINP) (Fig. 2) . Changes in expression levels of the markers from the start to the end of the study were significantly different from zero for PINP (P<0.0001) and ICTP (P=0.048) (decrease) for responders and ICTP (P=0.02) for non-responders (increase, Fig. 3 ).
Correlation between tumor markers and number of bone metastases. As shown in Fig. 4A no significant differences were noted when tumor marker levels were analyzed with respect to the number of BM (CEA P=0.51 and CA 15-3 P=0.13). Median value of CEA for patients with >3 BM was 3.6 ng/ml (IQR 1.6-7.3) and the median value of CEA for patients with ≤3 BM was 2.4 ng/ml (IQR 1.2-6.5). Median value of CA 15-3 for patients with >3 BM was 64 U/ml (IQR 21-160) vs. 19 U/ml (IQR 9-61) for patients with ≤3 BM.
Correlation between tumor markers and response to therapy.
Median value for CEA determined at the start of the therapy was 2.7 ng/ml (IQR 1.2-5.2) for responders and 11.7 ng/ml (IQR 2.2-57.1) for non-responders (P=0.039). The value for CA 15-3 was 34.5 U/ml (IQR 16.0-94) for responders and 149 U/ml (IQR 85-698) for non-responders (P=0.035). The values determined at the end of the follow-up period were 2.5 ng/ml (IQR 1.5-4.6) for responders vs. 62.7 ng/ml (IQR 6-187) for non-responders for CEA and 27.5 U/ml (IQR 15-79) for responders vs. 603 U/ ml (IQR 102-6000) for non-responders for CA 15-3 (P=0.002 for CEA and P=0.004 for CA 15-3). Tumor marker levels significantly distinguished responders from non-responders ( Fig. 4B and C) .
Comparison of markers of bone turnover and tumor markers.
As shown in Fig. 5 presented with ≤3 BM. Thirty out of the 40 patients demonstrated response to therapy, while 10 out of 40 patients did not. All non-responders had >3 BM at baseline (P=0.04).
Correlation of the results with menopausal status.
Thirty out of 40 patients were postmenopausal, 23 out of 30 were responders and 7 out of 30 non-responders, respectively. The premenopausal cohort showed 7 out of 10 responses and 3 out of 10 had no response, comparable to the postmenopausal group (P=0.69). While expression of the markers at the start of the study did not differ between the premenopausal and postmenopausal groups (data not shown), they were noted in the findings of the postmenopausal patients of the full study group, being higher non-responders. The median value of ICTP at the start of the study for the responders was 5.7 vs. 23.8 µg/l for non-responders. The median value of PINP was 63.4 vs. 192.0 µg/l, respectively, with P=0.006 for ICTP and P=0.04 for PINP. For tumor markers, the median CEA was 2.8 ng/ml for responders and 18.2 ng/ml for non-responders (P=0.014) and the values for CA 15-3 were 35 U/ml and 150 U/ ml, respectively (P=0.08).
Discussion
Several studies have shown that the serum of patients with metastatic bone disease contains significantly higher concentrations of markers of bone resorption and formation than age-matched controls (12). In our study, patients with more than three involved sites of BM had significantly higher serum levels of PINP and ICTP than patients with three or fewer sites of involved skeletal metastases as compared to a group without any BM. Furthermore, we demonstrated a significant relationship between PINP, ICTP and clinical outcome. When patients were stratified into responders and non-responders, significant differences in the expression levels of the markers were obtained for both groups. Non-responders had significantly more than three BM. Comparing markers of bone turnover and tumor markers, with regard to the best diagnostic efficacy using ROC-analysis, ICTP and PINP revealed more specificity and sensitivity than CA 15-3 and CEA. No correlation between menopausal status and response to therapy was determined. At present, the detection and monitoring of BM relies on imaging studies such as bone scan, radiography, CT scan or MRT scan. Besides being limited by low sensitivity and specificity, bone scans may be unable to detect osteolytic metastasis and are affected by the flare phenomenon (13, 14) . Furthermore, these imaging techniques are time-consuming and costly for patients. To date, none of the biochemical markers of bone turnover are able to monitor the development and progression of metastatic bone disease as accurately as do well-established bone imaging techniques (15) . When used alone, they do not possess sufficient diagnostic and prognostic specificity to assess the overall treatment outcome for patients with cancer (16) . However, in combination with other diagnostic techniques and prognostic markers, these biochemical markers of bone turnover may be useful tools in the assessment of cancer with metastatic bone disease (15) (16) (17) (18) (19) (20) .
In our study, levels of PINP and ICTP were elevated in patients with osseous MBC as compared to patients without bone involvement. Similar results were previously confirmed by Pollmann et al, who showed elevated PINP levels for osseous MBC patients (21) . The quality of life of MBC patients could be preserved by determining the expression of bone marker levels before indicating imaging techniques to follow up therapeutic response. Furthermore, our data revealed that PINP and ICTP reflect the therapeutic response of BM. Thus, assessing serum PINP and ICTP may replace primary techniques in the future.
In our analyses, there was a strong relationship between serum levels of PINP and ICTP and the extent of BM but no association with the presence of visceral metastases only. Similar data were shown by Costa et al, who found an association between bone marker concentrations (N-telopeptides and bone alkaline phosphatase) and the extent of BM in cancer patients but not with the presence of extraskeletal metastases (22) . Berruti et al offered another possible use of these markers in patients with metastatic bone disease, i.e., to assess both tumor burden and extent of true bone pain (23) . In their retrospective study, they showed that markers of bone turnover were significantly associated with the extent of disease or tumor burden by demonstrating a relationship between the concentrations of markers (serum bone alkaline phosphatase, the C-terminal telopeptide of type I collagen, and urine deoxypyridinoline) and the number of skeletal sites involved (skull, spine, femur, ribs, pelvis, and others). The more skeletal involvement of the disease, the higher marker concentration they found (24) . Our data define this association more precisely, showing that the serum marker expression levels of PINP and ICTP were significantly higher at baseline when more than three skeletal sites were involved.
Other reports have also shown that resorption and formation markers such as urinary pyridinoline (Py) and deoxypyridinoline (dPy) correlate with the number of lesions and/or the number of skeletal segments involved in patients with prostate cancer (25) . Recent studies reported that bone resorption markers may detect an early progression in patients with stable disease in imaging studies (26, 27 ). Furthermore, a high level of biochemical markers as NTX (N-terminal telopeptide) have been associated with increased skeletal-related events, disease progression and death compared with normal NTX levels in patients with malignant skeletal metastases (17, 28) . Our data confirm that there is a high evidence to suggest that ICTP and PINP can be used to determine the degree of skeletal involvement in MBC. In our analysis, PINP and ICTP demonstrated utility for the differentiation of patients with BM from patients without metastatic spread to the bone, while tumor marker expression was not as effective. Measurement of the biochemical markers to determine the extension of skeletal involvement could change and improve strategies in the clinical management of metastatic breast cancer. More than three BM correlated significantly with no response to therapy. High levels of PINP and ICTP at baseline or at any time during the course of the disease may indicate that more aggressive intervention strategies in addition to ZOL therapy are needed to prevent skeletal morbidity. It may be appropriate, therefore, for marker levels to be assessed at regular intervals during the course of metastatic bone disease. In our analysis, PINP and ICTP presented a relationship with clinical outcome in patients with osseous MBC.
In clinical practice, measurement of tumor markers such as CEA and CA 15-3 are commonly used for monitoring therapy response to a variety of breast cancer-related therapies. CA 15-3 appears to be more sensitive than CEA when the primary tumor is diagnosed and when metastasis is discovered. In this last situation, it allowed monitoring in two-thirds of the cases (29) . Other studies recommend the combination of both markers to improve diagnostic sensitivity (30, 31) . We demonstrated no correlation between tumor marker levels and extent of metastatic spread, particularly no correlation to the number of BM. In contrast, tumor marker levels significantly distinguished responders from non-responders during systemic therapy added to ZOL.
In conclusion, in contrast to serum tumor markers, the determination of levels of PINP and ICTP allows inferences in regards to the number of BM and appears to be a useful tool for monitoring metastatic breast cancer patients undergoing bisphosphonate therapy with ZOL for treatment of BM.
PINP and ICTP, as well as the number of BM were significantly associated with clinical outcome and therapeutic response. Thus, increased levels of PINP or ICTP may be an early marker for therapy failure in patients with MBC. This could provide an opportunity for early therapeutic management that could extend the overall survival of patients and provide meaningful information concerning patients with MBC in daily practice.
